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ELECTRICAL CONNECTION OF FLEXIBLE CONDUCTIVE 
STRANDS IN A FLEXIBLE BODY 

Background 

The present invention generally relates to flexible heaters, and in 
5 particular, flexible heaters with temperature feedback control. 

Brief Description Of The Drawings 

FIG. 1 is an illustration of a first embodiment of a flexible heater 
according to the present invention; 

FIG. 2 is an illustration of the flexible heater in FIG. 1, having alternate 
10 electrical connections of the first connection bus strand and the second 
connection bus strand. 

FIG. 3 is an illustration of an alternate embodiment of a flexible heater 
according to the present invention. 

FIG. 4 is an illustration of the flexible heater in FIG. 3, incorporating a 
15 fourth connection bus. 

FIG. 5 is an illustration of the present invention with electrical 
connections being made without a connection bus. 

FIG. 6 is a partial enlarged plan view of one embodiment of the present 
invention, illustrating the use of a weave pattern to facilitate electrical 
20 connection through mechanical contact. 

FIG. 7 is an enlarge cross sectional view of the portion of invention as 
illustrated in FIG. 6, taken about the section lines 7-7. 

FIG. 8 is a partial enlarged plan view of one embodiment of the present 
invention, illustrating an alternate use of a weave pattern to facilitate electrical 
25 connection through mechanical contact. 

FIG. 9 is a block diagram of the present invention, illustrating the 
flexible heater with the control and heating circuits. 
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Detailed Description 

Referring now to the Figures, and in particular to FIG. 1, there is shown 
a flexible heater 10 having a first direction 11 and a second direction 12. The 
flexible heater 10 generally includes a first set of flexible strands of material 
5 100 and a second set of flexible strands of material 200. As used herein, 
strands of material, or strand, shall mean a single independent unit of a 
continuous slender elongated body having a high ratio of length to cross- 
sectional distance, such as cords, wires, tapes, threads, yarns, or the like. A 
strand of material, or strand, can be a single component, or multiple 

10 components combined to form the continuous strand. Flexible, as used 

herein in association with a strand of material, or strand, shall mean the ability 
to bend around an axis perpendicular to the lengthwise direction of the strand 
with light to moderate force. In one embodiment, the flexible strand of 
material requires no more than about 500 grams of force to be pressed 

15 through a 5/16 inch wide slot to a depth 1/4 inch, such as performed by a 
Handle-O-Meter manufactured by Albert Instrument Co., Philadelphia, PA. 

Referring still to FIG. 1, the first set of flexible strands of material 100 
are disposed longitudinally in the first direction 1 1 of the flexible heater 10, 
and have a first end zone 101 and a second end zone 102. The second end 

20 zone 102 is separated from the first end zone 101 in the first direction 1 1 . 

The first set of flexible strands of material 100 generally include flexible supply 
bus strands of material 110 and flexible temperature dependent variable 
resistance strands of material 120. As used herein, the terms bus strand of 
material or strand shall mean a strand of conductive material. In one 

25 example, a bus strand has a resistance of about 0.01 ohms/inch or less. 

As used herein, the terms temperature dependent variable resistance 
(sometimes shortened to "TDVR") strand of material or strand shall mean a 
strand of material in which the resistance varies with a change in the 
temperature of the material. A TDVR strand can have a positive temperature 

30 coefficient of temperature to resistance (sometimes shortened to "PTC") or a 
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negative temperature coefficient of temperature to resistance (sometimes 
shortened to "NTC"). An PTC TDVR strand is a strand of material in which 
the resistance of the strand increases as the temperature of the strand 
increases, and the resistance of the strand decreases as the temperature of 
5 the strand decreases. An example of a PTC TDVR strand would be a flexible 
strand of material formed from nickel, or some other material with a PTC 
characteristic. An NTC TDVR strand is a strand of material in which the 
resistance of the strand decreases as the temperature of the strand 
increases, and the resistance of the strand increases as the temperature of 

10 the strand decreases. An example of a NTC TDVR strand would be a flexible 
strand of material formed from conductive polymers with a negative 
temperature coefficient like polyaniline, polypyrrole, polythiophene, or some 
other material with a NTC characteristic. 

Still referring to FIG. 1, the supply bus strands 1 10 include a first 

15 supply bus flexible strand of material or first supply bus strand 111 and a 
second supply bus flexible strand of material or second supply bus strand 
112. Also, the temperature dependent variable resistance strands 120 
include a first edge temperature dependent variable resistance flexible strand 
of material or first edge TDVR strand 121 , a second edge temperature 

20 dependant variable resistance flexible strand of material or second TDVR 

strand 122, and a center temperature dependent variable resistance flexible 
strand of material or center TDVR strand 125. Although, FIG. 1 illustrates the 
flexible heater 10 having only one center TDVR strand 125, as will be shown 
below, the present invention contemplates that the flexible heater 10 can have 

25 multiple center TDVR strands 125. As illustrated, the first edge TDVR strand 
121 is disposed between the first supply bus strand 111 and the second 
supply bus strand 112. Also as illustrated, the second edge TDVR strand 122 
is disposed between the first edge TDVR strand 121 and the second supply 
bus strand 112. The center TDVR strand 125 is disposed between the first 

30 edge TDVR strand 121 and the second edge TDVR strand 122. 
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Referring still to FIG. 1, the first set of flexible strands of material 100 in 
the flexible heater 10 can also include a plurality of flexible first set non- 
conductive strands of material or strands 130. As used herein, the terms 
non-conductive strand of material or strand shall mean a strand of material of 
5 such low conductivity that any flow of electric current through it is negligible. 

In one example, a non-conductive strand of material will have a resistivity of at 
least 1 X 10 13 ohms/inch. 

Still referring to FIG.1, the first set of non-conductive strands 130 
include first edge non-conductive flexible strands of material or first edge 

10 non-conductive strands 131, second edge non-conductive flexible strand of 

material or second edge non-conductive strands 132, and first set center non- 
conductive flexible strands of material or first set center non-conductive 
strands 135. The first edge non-conductive strands 131 are disposed outside 
of between the first supply bus strand 111 and the second supply bus strand 

15 112, and are closer to the first supply bus strand 111 than the second supply 
bus strand 112. The second edge non-conductive strand 132 is disposed 
outside of between the first supply bus strand 111 and the second supply bus 
strand 1 12, and are closer to the second supply bus strand 112 than the first 
supply bus strand 111. The first set center non-conductive strands 135 are 

20 disposed between the first supply bus strand 111 and the second supply bus 
strand 112. Typically, the TVDR strands 120 are disposed amongst the first 
set center non-conductive strands 135. 

Referring still to FIG.1, the second set of flexible strands of material 
200 are disposed longitudinally along the second direction 12 of the flexible 

25 heater 10. The second set of flexible strands of material 200 generally 
include flexible connection bus strands of material or strands 210 and a 
plurality of flexible conductive resistance strands of material or strands 220. 
As used herein, the terms conductive resistance strand of material or strand 
shall mean a strand of conductive material with a resistivity selected to 

30 generate the desired heat from the available voltage. In one embodiment, the 
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conductive resistance strand of material has a conductivity no greater than the 
any strand supplying electrical power to the conductive resistance strand of 
material. 

Still referring to FIG.1, the connection bus strands 210 include a first 
5 connection bus flexible strand of material or first connection bus strand 21 1 , a 
second connection bus flexible strand of material or second connection bus 
strand 212, and a third connection bus flexible strand of material or third 
connection bus strand 213. The first connection bus strand 21 1 is disposed in 
the first end zone 101 of the first set of flexible strands of material 100. The 

10 second connection bus flexible strand of material 212 is disposed in the 

second end zone 102 of the first set of flexible strands of material 100. The 
third connection bus strand 213 is located outside between the first 
connection bus strand 21 1 and the second connection bus strand 212, and is 
closer to the second connection bus strand 212 than the first connection bus 

15 strand 21 1 . Also as illustrated in FIG. 1 , the plurality of conductive resistance 
strands 220 are disposed between the first connection bus strand 211 and the 
second connection bus strand 212. 

Referring still to FIG. 1, the second set of flexible strands of material 
200 can also include a flexible second set of non-conductive strands of 

20 material or strands 230. The second set of non-conductive strands 230 

include first end non-conductive flexible strands of material or first end non- 
conductive strands 231, second end non-conductive flexible strands of 
material or second end non-conductive strands 232, third end non-conductive 
flexible strands of material or third end non-conductive strands 233, and 

25 second set center non-conductive flexible strands of material or second set 
center non-conductive strands 235. The first end non-conductive strands 231 
are disposed outside of between the first connection bus strand 21 land the 
second connection bus strand 212, and are closer to the first connection bus 
strand 21 1 than the second connection bus strand 212. The second end 

30 non-conductive strands 232 are disposed between the second connection bus 
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strand 212 and the third connection bus strand 213. The third end non- 
conductive strands 233 are disposed outside of between the first connection 
bus strand 21 1 and the third connection bus strand 213, and are closer to the 
third connection bus strand 213 than the first connection bus strand 21 1. The 
5 second set center non-conductive strand 235 are disposed between the first 
connection bus strand 21 1 and the second connection bus strand 212. 
Typically, the conductive resistance strands 220 are disposed amongst the 
second set center non-conductive strands 235. 

Still referring to FIG.1 , the first set of flexible strands of material 100 

10 and the second set of flexible strands of material 200 are combined into a 

flexible planar body of the flexible heater 10. The first set of flexible strands of 
material 100 and the second set of flexible strands of material 200 can be 
combined to form the flexible planar body of the flexible heater 10 by 
interlacing, bonding, laminating, or other methods. The first set of flexible 

15 strands of material 100 and the second set of flexible strands of material 200 
can be interlaced into a flexible planar body by weaving, knitting, or the like. 

Referring still to FIG. 1 , the flexible heater 10 has a conductive 
resistance pathway 51 which is represented by the first supply bus strand 
1 1 1 , the plurality of conductive resistance strands 220, the second supply bus 

20 strand 112, and the third connection bus strand 213. The conductive 

resistance strands 220 are each electrically connected to the first supply bus 
strand 1 1 1 and the second supply bus strand 112. The third connection bus 
strand 213 is electrically connected to the second supply bus strand 112. To 
ensure that the third connection bus strand does not electrically connect the 

25 first supply bus strand 1 1 1 with the second supply bus strand 112, the third 
connection bus strand can be cut or severed near the first supply bus strand 
1 1 1 to prevent electrical continuity. Outside connections can be made to the 
conductive pathway 51 by a conductive resistance power supply connection 
31 with the first supply bus strand 111, and a conductive resistance ground 

30 connection 32 with the third connection bus strand 213. 
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Still referring to FIG. 1, the flexible heater 10 also has a temperature 
depended variable resistance pathway 52 which is represented by the TDVR 
strands 120 and the first and second connection bus strands 21 1 and 212. As 
illustrated, the first connection bus strand 21 1 electrically connects the first 
edge TDVR strand 121 in the first zone 101 with the center TDVR strand 125 
in the first zone 101 , and electrically connects the second edge TDVR strand 
122 in the first zone 101 with the second supply bus strand 1 12 in the first 
zone 101 . To ensure that the first connection bus strand 21 1 does not 
electrically connect the first supply bus strand 1 1 1 with the first edge TDVR 
strand 121 or the center TDVR strand 125 with the second edge TDVR strand 
122, the first connection bus strand 211 can be cut or severed between first 
supply bus strand 1 1 1 and the first edge TDVR strand 121 , and can be cut or 
severed between the center TDVR strand 125 and the second edge TDVR 
strand 122, thereby creating electrically separate segments of the first 
connection bus strand 211. Also as illustrated, the second connection bus 
strand 212 electrically connects the center temperature dependent variable 
resistance strand 125 in the second zone 102 with the second edge 
temperature dependent variable resistance strand 122 in the second zone 
102. To ensure that the second connection bus strand 212 does not 
electrically connect the first supply bus strand 1 1 1 with the first edge TDVR 
strand 121 , or the first edge TDVR strand 121 with the closest center TDVR 
strand 125, or the second edge TDVR strand 122 with the second supply bus 
strand 112, the second connection bus strand 212 can be cut or severed 
between the first supply bus strand 1 1 1 and the first edge TDVR strand 121 , 
the first edge TDVR strand 121 and the closest center TDVR strand 125, and 
the second edge TDVR strand 122 and the second supply bus strand 112. 
Outside connections can be made to the TDVR pathway 52 by a temperature 
dependent variable resistance power connection 33 with the first edge TDVR 
strand 121 in the first zone 101, and a temperature dependent variable 
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resistance ground connection 34 with the second TDVR strand 122 in the 
second zone 102. 

Referring still to FIG. 1, the conductive resistance pathway 51 and the 
TDVR pathway 52 distinct and separate routes that are electrically isolated 
from each other. As used herein, distinct and separate routes means routes 
that do not coincide, such as might occur if the components of both the 
conductive resistance pathway and the temperature dependent resistance 
pathway were combined into a composite strand and were routed through the 
flexible heater 10 as a signal unit. The separation of the conductive 
resistance pathway 51 and the TDVR pathway 52 provide a great advantage 
to the flexible heater 10: The changing of the resistance in the TDVR pathway 
52 will be due to the change in temperature in the area of the flexible heater 
10 in which the TDVR pathway 52 runs and will not be dominated by the 
actual temperature of the components in the conductive resistance pathway 
51 . In the embodiment in FIG. 1 , the TDVR strands 120 are disposed in a 
direction substantially perpendicular to the conductive resistance strands 220. 

Referring now to FIG. 2, there is shown the flexible heater 10 from FIG. 
1 , illustrating alternate connections of the first connection bus strand 21 1 and 
the second connection bus strand 212. As illustrated, the first connection bus 
strand 21 1 electrically connects the first edge TDVR strand 121 in the first 
zone 101 with the center TDVR strand 125 in the first zone 101 , and 
electrically connects the second edge TDVR strand 122 in the first zone 101 
with the second supply bus strand 1 12 in the first zone 101 . 

As illustrated in FIG. 2, the conductive resistance pathway 51 is 
represented by the first supply bus strand 1 1 1 , the plurality of conductive 
resistance strands 220, the second supply bus strand 112, and the third 
connection bus strand 213, and the temperature dependent variable 
resistance pathway 52 is represented by the TDVR strands 120, the first and 
second connection bus strands 21 1 and 212, the second supply bus strand 
112, and the third connection bus strand 213. Outside connections can be 
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made to the conductive resistance pathway 51 by a conductive resistance 
power supply connection 31 with the first supply bus strand 111, and a 
conductive resistance ground connection 32 with the third connection bus 
strand 213. Outside connections can be made to the temperature dependent 
variable resistance pathway 52 by a temperature dependent variable 
resistance power connection 33 with the first edge TDVR strand 121, and a 
temperature dependent variable resistance ground connection 34 with the 
third connection bus strand 213. 

Referring now to FIG. 3, there is shown an alternate embodiment of the 
flexible heater 1 0 from FIG. 1 , where the TDVR strands 120 of the first set of 
strands of material 100 include two center TDVR strands 125. In order to 
accommodate the multiple center TDVR strands 125, the first connection bus 
strand 211 and the second connection bus strand 212 provide different 
electrical connections to the TDVR strands 120. As illustrated in FIG. 3, the 
first connection bus strand 21 1 electrically connects the first edge TDVR 
strand 121 with one of the center TDVR strands 125 in the first zone 101, and 
the other center TDVR strand 125 with the second edge TDVR strand 122 in 
the first zone 101 . To ensure that the first connection bus strand 21 1 does 
not electrically connect the first supply bus strand 1 1 1 with the first edge 
TDVR strand 121, or the two center TDVR strands 125 together, or the 
second edge TDVR 122 with the second supply bus strand 112, the first 
connection bus strand 21 1 can be cut or severed between the first supply bus 
strand 1 1 1 and the first edge TDVR strand 121 , between the two center 
TDVR strands 125, and between the second edge TDVR strand 122 and the 
second supply bus strand 112, thereby creating electrically separate 
segments of the first connection bus strand 21 1 . The second connection bus 
strand 212 electrically connects the two center TDVR strands 125 together in 
the second zone 102, and electrically connects the second edge TDVR strand 
122 with the second supply bus strand 112 in the second zone 102. To 
ensure that the second connection bus strand 212 does not electrically 
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connect the first supply bus strand 1 1 1 with the first edge TDVR 121 , or the 
first edge TDVR stand 121 with the center TDVR strands 125, or the center 
TDVR strands 125 with the second edge TDVR strand 122, the second 
connection bus strand 212 can be cut or severed between the first supply bus 
strand 1 1 1 and the first edge TDVR strand 121 , between the first edge TDVR 
strand 121 and the center TDVR strands 125, and between the center TDVR 
strands 125 and the second edge TDVR strand 122, thereby creating 
electrically separate segments of the second connection bus strand 212. 

As illustrated in FIG. 3, the conductive pathway 51 is represented by 
the first supply bus strand 1 1 1 , the plurality of conductive resistance strands 
220, the second supply bus strand 112, and the third connection bus strand 
213, and the TDVR pathway 52 is represented by the TDVR strands 120, the 
first and second connection bus strands 211 and 212, the second supply bus 
strand 112, and the third connection bus strand 213. Outside connections 
can be made to the conductive resistance pathway 51 by a conductive 
resistance power supply connection 31 with the first supply bus strand 111, 
and a conductive resistance ground connection 32 with the third connection 
bus strand 213. Outside connections can be made to the TDVR pathway 52 
by a TDVR power connection 33 with the first edge TDVR strand 121 , and a 
TDVR ground connection 34 with the third connection bus strand 213. 

Referring now to FIG. 4, there is shown an alternate embodiment of the 
flexible heater 10 in FIG. 3, incorporating a fourth connection bus flexible 
strand of material 214 in the connection bus strands 210 of the second set of 
flexible strands of material 200. As illustrated in FIG. 4, the fourth connection 
bus strand 214 is located outside of between the first connection bus strand 
21 1 and the third connection bus strand 213 with the fourth connection bus 
strand 214 being closer to the third connection bus strand 213 than the first 
connection bus strand 211. The second connection supply bus 212 does not 
make an electrical connection between the second end TDVR strand 122 and 
the second supply bus strand 112. Also, the fourth connection bus strand 214 
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electrically connects with the second edge TDVR strand 122, but does not 
electrically connect with the second supply bus strand 112. Outside 
connection of the TDVR pathway 52 is made by a TDVR power connection 
33 with the first edge TDVR strand 121 , and a TDVR ground connection 34 
with the fourth connection bus strand 214. 

As illustrated in FIG. 4, the conductive pathway 51 is represented by 
the first supply bus strand 1 1 1 , the plurality of conductive resistance strands 
220, the second supply bus strand 112, and the third connection bus strand 
213, and the TDVR pathway 52 is represented by the TDVR strands 120, the 
first and second connection bus strands 21 1 and 212, and the fourth 
connection bus strand 214. Outside connections can be made to the 
conductive pathway 51 by the conductive resistance power supply connection 
31 with the first supply bus strand 1 1 1 , and the conductive resistance ground 
connection 32 with the third connection bus strand 213. Outside connections 
can be made to the TDVR pathway 52 by the TDVR power connection 33 with 
the first edge TDVR strand 121 , and the TDVR ground connection 34 with the 
fourth connection bus strand 214. 

As described with reference to FIGs. 1-4, when it is desired to ensure 
that a particular connection bus strand 210 does not make an electrical 
connection between TDVR strands 120 and/or supply bus strands 110, the 
connection bus strand 210 can be cut or severed between the two strands to 
remain electrically isolated, thereby creating separate segments of the 
connection bus strand 210 and preventing electrical connection between the 
two TDVR strands 120. The cut or severing of the connection bus strand 210 
can be accomplished by cutting only the particular connection bus strand 210, 
or by cutting a hole in the flexible heater 10 in the location of the connection 
bus strand 210 which is to be severed. 

FIGS. 1 and 2 illustrate when an odd number of TDVR strands 120 are 
used in the TDVR pathway 52, and FIGS. 3 and 4 illustrate when an even 
number of TDVR strands 120 are used in the TDVR pathway 52. The number 
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of TDVR strands 120 in the temperature dependent variable resistance 
pathway 52 can be increased or decreased by increasing or decreasing the 
number of TDVR strands 125 which are connected in series between the 
TDVR power supply connection 33 and the TDVR ground connection 34. In 
another embodiment, the TDVR pathway 52 can be formed by a single TDVR 
strand of material 120 that runs between the TDVR power supply connection 
33 and the TDVR ground connection 34. In the embodiment with a single 
TDVR strand of material 120, bus strands of material can be used to make 
electrical connections with the TDVR strand of material 120. 

As illustrated in FIGS. 1-4, the TDVR strands 120 are connected by 
bus strands of material, or segments of bus strands of material. However, it is 
also contemplated by the present invention that the TDVR strands 120 can be 
connected directly without bus strands of material or segments of bus strands 
of material. In an embodiment where the TDVR strands 120 are connected 
directly, as illustrated in FIG. 5, the TDVR strands 120 extend beyond the 
surrounding first set of flexible strands 100 and second set of flexible strands 
200. The portion of the each of the TDVR strands 120 that extend beyond the 
surrounding first set of flexible strands 100 and second set of flexible strands 
200, are connected to other components extending beyond the surrounding 
first set of flexible strands 100 and second set of flexible strands 200, such as 
a supply bus strand 1 1 0 or another TDVR strand 1 20. Additionally, the first 
supply bus strand 1 1 1 and the second supply bus strand 1 12 can extend 
beyond the surrounding first set of flexible strands 100 and the second set of 
flexible strands 200 to facilitate direct connections with the supply bus strands 
111 and 112. 

In a particularly preferred embodiment of the invention in FIGS. 1-5, the 
first set of flexible strands of material 100 and the second set of flexible 
strands of material 200 are yarns, are woven together to form the flexible 
heater 10 as woven fabric. As used herein yarn shall mean a continuous 
strand of textile fibers, textile filaments, or material in a form suitable for 
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knitting, weaving, or otherwise intertwining to form a textile. The term yarn 
includes, but is not limited to, yarns of monofilament fiber, multifilament fiber, 
staple fibers, or a combination thereof. The supply and connection bus 
strands 110 and 210 of a woven flexible heater 10 can be a copper yarn, 
brass yarn, other solid metal yarns, fine-gauge wire, or the like. The 
temperature dependent variable resistance strands 120 of the flexible heater 
10 can have a positive temperature coefficient, such as the yarns disclosed in 
US Patent No. 6,497,951, titled "Temperature Dependent Electrically 
Resistive Yarn" and issued on December 24, 2002, to DeAngelis et al., a high 
temperature-coefficient metal (such as nickel) wire or yarn, or the like. In 
another embodiment, the temperature dependent variable resistance strands 
120 of the flexible heater 10 can have a negative temperature coefficient, 
such as a yarn formed from conductive polymers with a negative temperature 
coefficient like polyaniline, polypyrrole, polythiophene, or the like. The 
conductive resistance yarns 220 of the woven flexible heater 10 can be silver 
coated nylon yarns, other yarns that are silver coated, stainless steel yarns, 
other yarns of low-conductivity metals, spun yarns with a conductive-fiber 
component, or the like. The first set of non-conductive yarns 130 and the 
second set of non-conductive yarns 230 of a woven flexible heater 10 can be 
multifilament polyester yam. 

Still referring to FIGS. 1-5, in a method of forming the flexible heater 10 
as a woven material, the first set of yams 100 and the second set of yarns 
200 are interlaced in a weave pattern to create the initial fabric. After the 
initial fabric is woven, the connection bus strands 210 can be electrically 
connected to the temperature dependent variable resistance strands 120 by 
physical contact such as contact due to mechanical force, an additional 
conductive thread sewn between and/or through each of the strands, or the 
like. Also, the conductive resistance strands 220 can be connected to the 
supply bus strands 1 10 by contact due to mechanical force, such as 
generated by a weave pattern of the strands, or by an electrically conductive 
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paste or adhesive between the strands. Additionally, the third connection bus 
strand 213 can be electrically connected to the second supply bus strand 112 
by physical contact such as contact due to mechanical force, and/or by an 
electrically conductive paste or adhesive between the strands, and/or by a 
splice such as butt splice in two ends of the strands separated from the other 
strands, and/or a conductive thread sewn between and through the strands. 
In areas where it is desired to cut or sever the connection bus strands, a hole 
can be cut or made in the fabric 10 at the desired location of the severing, 
thereby separating the connection bus strand into electrically separate 
segments. 

Referring now to FIG. 6, there is shown a partial enlarged plan view of 
an embodiment of the present invention, illustrating the use of a weave 
pattern for making electrical connections due to mechanical force. As shown 
in FIG. 6, the first supply bus strand 1 1 1 and the first set of non-conductive 
flexible strands 130 are woven with the conductive resistance flexible strand 
220 and the second set non-conductive strands of flexible material 230. As 
illustrated in FIG. 6, the first supply bus strand 1 1 1 is actually a pair of 
conductive yarns interlaced with the conductive resistance strand 220 and the 
second set of non-conductive strands 230. However, the present invention 
also contemplates that a supply bus strand can be a single conductive yam or 
more than two conductive yarns. As illustrated in FIG. 6, two pairs of leno 
yarns 151 a/b and 152a/b are disposed along the first supply bus strand 111 
and adjacent to either side of the first supply bus strand 111. In one 
embodiment, the leno yams 151 a/b and 152a/b have a smaller denier than 
the first supply bus yarn 111. The leno yarns 151a and 151b interlace with 
the conductive resistance strand 220 and the non-conductive strands 230, 
and also twist over each other between yarns from the second set of yarns 
200 to form the leno weave. The leno yams 152a and 152b also interlace 
with the conductive resistance strand 220 and the non-conductive strands 
230, and also twist over each other between yarns from the second set of 
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yarns 200 to form the leno weave. The leno yarns 1 51 a/b and 1 52a/b can 
twist over each other between each yarn of the second yarn set 200, or can 
skip individual yarns from the second yam set 200 before twisting over each 
other. In one preferred embodiment, the leno yarns 151 a/b and/or 152a/b 
pass through the same dent in a loom forming the flexible heater 10 as the 
first bus strand 111. 

Referring now to FIG. 7, there is shown an enlarged cross section of 
the embodiment of the invention taken about the section lines 7-7. The leno 
yarns 1 51 a/b and 1 52a/b force the pair of conductive yarns together that form 
the first supply bus strand 111, thereby facilitating an electrical connection 
with the conductive resistance strand 220 passing between the conductive 
yarns of the first supply bus strand 111. Also as shown in FIG. 7, the leno 
yarns 151 a/b and 152a/b also cause the conductive resistance yarn 220 to 
pass over more surface area of the first supply bus strand 111, thereby 
creating a better electrical connection. The use of leno weave yams can also 
be done in association with the second supply bus strand 1 12 to facilitate 
connections therewith. In one embodiment, the leno yarns 151 a/b and/or 
152a/b are a conductive yam, such as a silver coated nylon yarn. It has been 
found that by using conductive yarns for the leno yarns 151a/b and/or 152a/b, 
the reliability and durability of the electrical connection with the supply bus 
strand is improved. In a version where the leno yarns 151 a/b and/or 152 a/b 
are a conductive yarn, is preferred that the leno yarns 151 a/b and/or 152 a/b 
electrically connect with the first supply bus strand 111. 

Referring now to FIGS. 6 and 7, in one embodiment the leno yarns 
151 a/b and 152a/b have a low-melt component yarn to lock the strands in 
place. In one example of this embodiment, the leno yams 151a/b and 152a/b 
have a core/sheath configuration where the sheath has a melt temperature 
below the melt temperature of the core. After the flexible heater 10 is formed, 
the leno yams 151 a/b and 152a/b are subjected to heat and/or pressure to 
cause the low-melt component of the leno yams 151 a/b and 152a/b to melt. 
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Once the leno yarns 151a/b and 152a/b re-solidify, the leno yarns 151a/b and 
152a/b lock the surrounding strands into place enhancing the mechanical 
stability of the structure. 

Referring now to FIG. 8, there is shown a partial enlarged plan view of 
an embodiment of the present invention, illustrating an alternate use of a 
weave pattern for making electrical connections. As illustrated, the first 
connection bus strand 111 has two yarns 1 1 1 a and 1 1 1 b which are twisted 
over each other between yarns in the second yarn set 200. The conductive 
resistance yarn 220 is trapped between the first connection bus yarn strands 
1 1a/b. The use of leno weave yarns can also be done in association with the 
second supply bus strand 1 12 to facilitate connections therewith. 

Referring now to FIG. 9 there is shown an embodiment of a regulated 
flexible heater 20 utilizing the conductive resistance pathway 51 and the 
TDVR pathway 52 from FIGS. 1-8. The regulated flexible heater 20 also 
includes a comparator circuit element 63, a set point resistor 62, a control 
circuit element 72, primary power connections 71a and 71b for receiving 
electrical power from a primary power source 71, and secondary power 
connections 61a and 61b for receiving secondary power from a secondary 
power source 61. The conductive resistance pathway 51 is electrically 
connected between the control 72 and ground. The TDVR pathway 52 is 
electrically connected between the comparator circuit element 63 and ground. 
The set point resistor 64 is electrically connected between the comparator 
circuit element 63 and ground. The primary power source connections 71a/b 
electrically connect the primary power source 71 between ground and the 
control 72. The secondary power source connections 61a/b electrically 
connect the secondary power source 61 between ground and both the 
comparator circuit element 63 and the control 72. As used herein, the term 
power supply can refer to a battery or batteries, an available power source 
such as provided by electrical power connections of home or other utility 
supplied location, or components that convert power to a desired useable 
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form from other power sources, such as transformers, solar cells, or the like. 
Power sources can supply alternating current or direct current. As used 
herein, the term power source connections can refer to permanent 
connections to power supply components, or connections that can be 
5 connected or disconnected. 

Still referring to FIG. 9, the comparator circuit element 63 generally 
includes a sensor resistor 64, a set point divider resistor 65, and a voltage 
comparator 66. The sensor resistor 64 is electrically connected in series with 
the TDVR pathway 52 and the secondary power supply 61 , via the secondary 
10 power supply connections 61a. The sensor resistor 64 is preferably about the 
same resistance as the TDVR pathway 52 at the estimated desired 
temperature of the TDVR pathway 52. The sensor resistor 64 forms a voltage 
divider with the TDVR pathway 52. An electrical connection is made between 
the TDVR pathway 52 and the sensor resistor 64 to provide a sensor signal 
15 67 to the comparator 66. The set point divider resistor 65 is electrically 

connected in series with the set point resistor 62 and the secondary power 
supply 61, via the secondary power supply connections 61a. As illustrated, 
the set point resistor 62 is a variable resistor, but it is contemplated that it may 
also be a fixed value resistor. The set point divider resistor 65 is preferably 
20 about the same resistance as the set point resistor 62 at the full resistance 
value of the set point resistor 62. The set point divider resistor 65 forms a 
voltage divider with the set point resistor 62. An electrical connection is made 
between the set point resistor 62 and the set point divider resistor 65 to 
provide a set point signal 68 to the comparator 66. The comparator 66 is 
25 preferably a voltage comparator, such as an op amp. In an embodiment 

where the comparator 66 is an op amp, the comparator circuit element 63 can 
also include an feedback resistor and/or a low pass filter. The comparator 66 
has a comparator output 69 which is based upon the sensor signal 67 and the 
set point signal 68. 
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Referring still to FIG. 9, the comparator output 69 has a connect 
condition and a disconnect condition. In an embodiment where the TDVR 
pathway 52 has a PTC material, the connect condition indicates when the 
resistance of the temperature dependent variable resistance pathway 52 is 
below a control value having a predetermined relationship to the resistance of 
the set point resistor 62 and the disconnect condition indicates when the 
resistance of the temperature dependent variable resistance pathway 52 is 
above the predetermined control value. In an embodiment where the TDVR 
pathway 52 has a NTC material, the connect condition indicates when the 
resistance of the temperature dependent variable resistance pathway 52 is 
above a control value having a predetermined relationship to the resistance of 
the set point resistor 62 and the disconnect condition indicates when the 
resistance of the temperature dependent variable resistance pathway 52 is 
below the predetermined control value. 

Still referring to FIG. 9, the regulated flexible heater 20 has a heating 
circuit element 70 which generally comprises the conductive resistance 
pathway 51, the control circuit element 72, the primary power connections 
71a/b for connection of the primary power source 71 . The conductive 
resistance power connection 31 and the conductive resistance ground 
connection 32 of the conductive resistance pathway 51 are electrically 
connected to the primary power connections 71a/b via the control circuit 
element 72. As illustrated, the control circuit element 72 includes a output 
control transistor 73, a relay 74, and an indicator light 75, such as a light 
emitting diode. The output control transistor 73 receives the comparator 
output 69 from the comparator circuit element 63. As illustrated, the coil of 
the relay 74 receives current from the secondary power supply 61 , the flow of 
which is controlled by the output control 73 in response to the comparator 
output 69. Although the present invention is illustrated with the relay 74 using 
power from the secondary power supply 61 , any current source could be 
used. The indicator light 75 is connected across the relay 74 and provides a 
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positive light when the relay 74 closes. When the comparator output 69 is in a 
connect condition, the relay 74 of the control circuit element 72 closes to 
connect the primary power source 71 , via the primary power source 
connection 71a, with the conductive resistance pathway 51 . When the 
comparator output 69 is in a disconnect condition, the relay 74 of the control 
72 opens to disconnect the conductive resistance pathway 51 from the 
primary power source connection 71a and the primary power source 71 . 

Referring still to FIG. 9, in an example where the TDVR pathway uses 
a PTC material and a relay 74 which closes when activated, when the 
resistance of the TDVR pathway 52 decreases such that the voltage of the 
sensor signal 67 to comparator 66 is lower than the voltage of the set point 
signal 68 to the comparator 66, the comparator output 69 to the control circuit 
element 72 is a voltage which facilitates the flow of current through the relay 
74 which electrically connects the conductive resistance pathway 51 with the 
primary power source 71 via the primary power source connections 71a/b. 
The conductive resistance pathway 51 generates heat in the flexible heater 10 
when connected with the primary power source 71 . As the heating circuit 
element 70 increases the temperature of the flexible heater 10, the resistance 
of the TDVR pathway 52 increases. When the resistance of the TDVR 
pathway 52 increases such that the voltage of the sensor signal 67 to the 
comparator 66 is greater than the voltage of the set point signal 68 to the 
comparator 66, the comparator output 69 of the control circuit element 72 is 
no longer a voltage which facilitates flow of current through the relay 74, 
which electrically disconnects the conductive resistance pathway 51 from the 
primary power source 71 via the primary power source connections 71a/b. 
Disconnection of the conductive resistance pathway 51 from the primary 
power source 71 stops the generation of heat within the flexible heater 10 by 
the conductive resistance pathway 51 , and allows the temperature of the 
flexible heater 10 to decrease. Contemplated within the present invention is 
the use of other components to accomplish the same results that may operate 
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in other fashions, such as a TDVR pathway that uses NTC material or a relay 
that opens when activated. 
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